37 The olive fruit fly (OFF), Bactrocera oleae is the most devastating pest affecting olive fruit 38 worldwide. Previous investigations have addressed the fungal microbiome associated with olive 39 drupes or B. oleae, but the impact of the insect on fungal communities of olive fruit remains 40 undescribed. In the present work, the fungal microbiome of olive drupes, infested and non-infested 41 by the OFF, was investigated in four different localities and cultivars. Olive fruit fly infestations 42 caused a general reduction of the fungal diversity, a higher quantity of the total DNA and an 43 increase in taxa that remained unidentified or had unknown roles. The infestations led to imbalanced 44 fungal communities with the growth of taxa that are usually outcompeted. While it was difficult to 45 establish a cause-effect link between fly infestation and specific fungi, it is clear that the fly alters 46 the natural microbial balance, especially the low abundant taxa. On the other hand, the most 47 abundant ones, were not significantly influenced by the insect. In fact, despite the slight variation 48 between the sampling locations, Aureobasidium, Cladosporium, and Alternaria, were the dominant 49 genera, suggesting the existence of a typical olive fungal microbiome. 50 51 Keywords: Olea europaea, fungal microbiome, olive fruit fly, Bactrocera oleae, imbalanced 52 fungal communities, dysbiosis, metabarcoding analyses 53 Introduction 54 Olive (Olea europaea L.) is one of the most important cultivated crops on a global scale (1). The 55 countries of the coastal areas of the Mediterranean Basin represent the typical olive belt with more 56 than 10 million ha, accounting for about 80% of the world's total olive cultivation area (2). This 57 crop is threatened by several abiotic and biotic stresses mainly caused by insects, pathogens, and 58 nematodes (3-5). Among those, the olive fruit fly (OFF) Bactrocera oleae (Rossi) is considered the 59 most destructive key pest for olive production, and can be virtually found wherever Olea species 60 are present (6). Bactrocera oleae, in contrast to other Tephritidae Diptera, is strictly monophagous, 61 feeding exclusively on olive fruits, and has a unique ability to feed on unripe green fruits which 62 contain high levels of phenolic compounds such as oleuropein. This ability is attributed to the high 63 number of detoxifying genes activated during larvae feeding (7) as well as the presence of the 64 symbionts such as 'Candidatus Erwinia dacicola' in their gut (8). The microbiome of B. oleae has 65 been found to be essential for its survival in natural conditions and is likely to play an important 66 role on the longevity, competitiveness, and ability of the insect to cope with biotic stresses (9).
69 eggs inside olive drupes, and the hatched larvae form tunnels inside the fruit while feeding on the 70 mesocarp. The physical damage, represented in fruit punctures and larvae feedings affect both crop 71 yield and fruit and oil quality dramatically. In particular, B. oleae infestations affect phenolic 72 content, fatty acids profile, and peroxide values of olive oil (10). As a response to B. oleae 73 infestation, the plant produces different defensive compounds including phytohormones, volatile 74 organic compounds, and defense proteins, among others (11). It has been also reported that the 75 insect can facilitate secondary microbial infections caused by different microorganisms (10). 76 Despite the fact that these secondary colorizers are likely to affect olive oil quality, little is currently 77 known about the impact of olive fly infestations on olive microbial communities. The role of fungi 78 is particularly relevant in this context due to their importance as plant pathogens(12), and capability 79 to produce mycotoxins. Indeed, recent microbiome studies have mainly focused on bacterial and, 80 to a lesser extent, fungal communities associated with B. oleae (13). Other investigations have 81 focused on the fungal communities associated with different organs of the olive canopy including 82 ripe drupes (14) but the impact of B. oleae on fungal communities has never been investigated. In 83 the present study, the relationship between insect infestation and fungi has been analyzed by 84 determining fungal diversity and total fungal DNA in infested and non-infested drupes from 85 different cultivation regions in Italy. (Table 3) .
234 238 Furthermore, the analysis of beta diversity showed that the fungal community significantly differed 239 between all the sampling locations (Table 4) .
240 243 244 These differences were particularly evident when beta diversity results were visualized on a PCoA 245 plot since samples from all localities segregated separately (Fig. 4) .
246 268 index were not statistically significant when infested and non-infested fruits were compared 269 individually (Table 4) . Interestingly, most of the taxa with significant different RA in infested and 270 non-infested olives had a quite low RA and/or remained unidentified (Table 5 ). On the other hand, 271 the most abundant taxa such as Aureobasidium, Cladosporium and Alternaria, did not differ 272 significantly in their RAs between infested and non-infested olives (Table 5) .
273 Table 5 List 305 A significant impact of B. oleae infestation on the structure of fungal communities was confirmed 306 by beta diversity analyses since they showed a clear separation of infested and non-infested samples 307 in all investigated locations. Interestingly, differences were more noticeable in taxa with a quite 308 low RA while abundant taxa such as Aureobasidium, Cladosporium, and Alternaria, did not differ 309 significantly and showed inconsistent trends in the different sampling locations. Overall, the 310 obtained data suggest that OFF infestations led to imbalanced fungal communities. Indeed, while it 311 is difficult to make concrete speculations on the role of specific fungal genera in infested fruits, the 312 reduced microbial diversity and the higher quantity of fungal DNA support the hypothesis of an 313 altered equilibrium among taxa. The abundant presence of taxa with unknown roles as well as 314 unidentified taxa indicate that the infestation of OFF may have facilitated the colonization of the 315 fruit by alien species and/or favored the growth of taxa that are usually outcompeted. Similar 316 phenomena, named dysbiosis, occur in humans when one or more factor is able to change the
